Mucinous gastric carcinoma (MGC) is a rare histological subtype of undifferentiated gastric carcinoma, accounting for ~2.6-6.6% of all gastric cancer cases. The clinicopathological characteristics and prognosis of MGC are controversial. The present study aimed to determine the clinicopathological characteristics and prognosis of patients with MGC. We retrospectively compared the characteristics and postoperative survival of 70 patients with MGC and 2,492 non-MGC (NMGC) cases who underwent surgical resection between 1990 and 2010. MGC was characterised by larger tumor size, macroscopic Borrmann type 2 and 3, T4 invasion of the gastric wall, positive N2 and N3 lymph node metastasis, positive lymphatic vessel invasion, positive venous invasion, peritoneal metastasis and advanced tumor stage III and IV. The prognosis of MGC patients was worse compared to that of NMGC patients, as the former group consisted of more advanced-stage cases. When patients with similar disease stages were compared, the incidence of peritoneal metastasis was significantly higher among MGC patients. However, hepatic metastasis was found significantly more often in NMGC patients. Otherwise, the prognosis of MGC and NMGC patients with similar disease stages was not significantly different. Therefore, our findings indicated that, although MGC is more rare and mostly detected at an advanced stage, the diagnosis of the mucinous histological subtype was not an independent prognostic factor.
Introduction
Gastric cancer is one of the most common causes of cancer-related mortality. One million new cases are diagnosed annually, accounting for 700,000 mortalities worldwide (1, 2) . Undifferentiated gastric carcinomas are generally associated with a worse prognosis (3) . Mucinous gastric carcinoma (MGC) is a rare histological subtype of undifferentiated gastric carcinoma, accounting for 2.6-6.6% of all gastric cancer cases (4) (5) (6) (7) (8) . The available literature on MGC is currently limited, mostly due to its rarity. Several previous studies have suggested that the prognosis of MGC patients is poor (5, 9, 10) , whereas others reported no differences in characteristics and prognosis between MGC and non-MGC (NMGC) cases (7, 11) . Thus, the clinicopathological characteristics and prognosis of MGC following surgical resection remain controversial. The present study aimed to determine the clinicopathological characteristics and postoperative survival of MGC patients.
Materials and methods
Patients. We identified 2,706 patients who underwent surgical treatment for gastric cancer between 1990 and 2010 at the Department of Surgery, Kurume University School of Medicine (Fukuoka, Japan). Patients with gastric cancer in the residual stomach following a prior gastrectomy and those undergoing surgery after an endoscopic procedure were excluded. Microscopic examination of hematoxylin and eosin-stained tissue sections from formalin-fixed, paraffin-embedded surgical specimens revealed 70 cases of MGC and 2,492 of NMGC. MGC was defined by the World Health Organization as an adenocarcinoma, in which over half of the tumor area contained extracellular mucin pools (12) .
The study design and procedures were in accordance with the Declaration of Helsinki and were approved by the Ethics Committee of Kurume University (no. 14057). All the participants provided written informed consent.
Clinicopathological characteristics. We retrospectively reviewed the patients' medical charts, surgical records and histopathological reports to collect information on their clinicopathological characteristics, including age, gender, tumor size, tumor location, macroscopic type, histological type, depth of invasion, lymph node metastasis, lymphovascular invasion, distant metastasis and tumor stage. The tumor characteristics were defined according to the Japanese Classification of Gastric Carcinoma (3rd English edition) (13) . All the patients were regularly followed up according to our standard protocol (at least every 3 months for 5 years), which included tumor marker studies, gastrointestinal endoscopy, ultrasonography and computed tomography.
Statistical analyses. The clinicopathological factors were compared using the Fisher's exact test or the Pearson's χ 2 test, as appropriate. Disease-specific survival rates were analyzed using the Kaplan-Meier method and comparisons between groups were assessed by the log-rank test. In the multivariate analysis, the Cox proportional hazards model was used to identify independent prognostic factors. A P-value of <0.05 was considered to indicate statistically significant differences. All the statistical analyses were performed using JMP 10 software (SAS Institute, Inc., Cary, NC, USA). were larger in size (83.0 vs. 54.9 mm), were more frequently Borrmann type 2 and 3 (70.0 vs. 28.5%), presented with a higher rate of T4 invasion of the gastric wall (72.9 vs. 32.5%), positive N2 and N3 lymph node metastasis (62.9 vs. 25.5%), positive lymphatic vessel invasion (100.0 vs. 63.0%), positive venous invasion (72.9 vs. 39.6%), peritoneal metastasis (24.3 vs. 6.1%) and advanced tumor stages III and IV (67.1 vs. 29.4%). The clinicopathological characteristics of stage III and IV MGC and NMGC were also compared (Table II) , revealing significant differences only in the peritoneal and hepatic metastasis status. MGC patients experienced a significantly higher incidence of peritoneal metastasis compared to NMGC patients (36.2 vs. 20.9%, respectively; P=0.014), whereas hepatic metastasis was more frequently encountered in NMGC patients (0.0 vs. 10.3%; P=0.021).
Results

Clinicopathological characteristics.
Postoperative survival. The median follow-up period was 61.0 months (range, 1-228 months). Fig. 1 shows the postoperative disease-specific survival curves of all the patients. The disease-specific survival rate of MGC patients was significantly lower compared to that of NMGC patients (P<0.001). The 5-and 10-year survival rates of MGC patients were 48.7 and 75.2%, respectively, whereas the corresponding rates for NMGC patients were 43.6 and 72.9%, respectively. However, when survival was compared between MGC and NMGC patients according to disease stage, no significant differences in 5-and 10-year survival rates were observed between the two groups ( Fig. 2 and Table III) .
Multivariate analysis of prognostic factors. The univariate analysis revealed that tumor size, macroscopic type, depth of invasion, lymph node metastasis, lymphatic vessel invasion, venous invasion and peritoneal metastasis were statistically predictive of 5-year disease-free survival in MGC patients (Table IV) . Of these 7 factors, peritoneal metastasis was determined as a relevant factor by the Cox proportional hazards model (odds ratio, 3.00; P=0.011). When all the investigated gastric cancer patients were analyzed, the Cox proportional hazards model revealed that tumor size, macroscopic type, depth of invasion, lymph node metastasis, peritoneal metastasis and hepatic metastasis were significant predictive factors for survival. However, histological type was not an independent prognostic factor (MGC vs. NMGC; odds ratio, 1.41; P=0.062) (Table V) .
Discussion
Although gastric carcinoma is one of the most common malignancies, its histological classification remains controversial. The incidence of MGC reportedly varies between 2.6 and 6.6% (4) (5) (6) (7) (8) . In our cohort of 2,562 gastric cancer patients, 70 MGC and 2,492 NMGC cases were identified, with a 2.7% incidence of MGC. Although a number of previous survival studies have attempted to compare carcinomas with and without mucinous 
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5 (6) suggested that tumor size, depth of invasion and lymph node metastasis were not associated with MGC and NMGC. However, we observed that MGC and NMGC differed in tumor size, macroscopic type, lymphovascular invasion, peritoneal metastasis and TNM stage, which was in agreement with the findings of Adachi et al (7) and Yin et al (14) . In this study, only 6 of 70 MGC patients were diagnosed with early-stage disease. Our results also indicated that the 
Disease incidence of early-stage diseases was lower in MGC compared to that in NMGC cases (8.6 vs. 55.1%). Several previous reports have described the rarity of early-stage gastric cancer. Lim et al (9) reported that the incidence of early-stage MGC was only 6.5% compared to 26.0% in NMGC cases, whereas those rates were 20.0 and 44.6%, respectively, in a study by Kunisaki et al (4) . Therefore, it is necessary to compare the clinicopathological significance according to disease stage. We also investigated the clinicopathological characteristics of stage III and IV MGC and NMGC cases and found that the two groups did not differ in tumor size, macroscopic type, lymphovascular invasion and TNM stage. Additionally, peritoneal metastasis was more frequently observed in MGC, whereas hepatic metastasis was more common in NMGC cases. The rare incidence of hepatic metastasis in MGC was in accordance with the results reported by Kawamura et al (5) . The presence of a mucinous component is generally associated with poor prognosis in colorectal cancer patients (15) . However, such a prognostic correlation is less well defined in MGC. Several studies reported a poor prognosis for MGC patients (5, 9, 10) , while others suggested no significant prognostic differences between MGC and NMGC (7, 11) . We observed that the 5-year survival rate of MGC patients was worse compared to that of NMGC patients. However, no such significant differences in survival rates were observed between the two groups when the patients were stratified according to their disease stage. Our results were in agreement with those of Yasuda et al (11) and Kawamura et al (5) . Furthermore, the multivariate analysis demonstrated that mucinous histological type was not a prognostic indicator in patients with gastric cancer. Thus, our findings suggested that the main factor affecting the poorer prognosis of MGC compared to that of NMGC was the more frequent incidence of advanced-stage disease at diagnosis, rather than the aggressive biological behavior of MGC. However, the reason why MGC is usually diagnosed at an advanced stage remains unclear. Previous studies suggested the following possibilities: (i) MGC is considered to initially arise as a typical adenocarcinoma, which then becomes MGC as the tumor progresses and such a progression may be considered as a dedifferentiation process; (ii) as a tumor invades the gastric wall, the intraluminal excretion of mucin decreases and an increasing deposition of mucin leads to the intramural accumulation; and (iii) MGC is mainly located in the submucosal or deeper layer, which may also be explained by the intramural accumulation of mucin (7, 8, 14) . However, the origin and progression of MGC remain poorly understood.
In conclusion, our results indicated that MGC is rare and mainly detected at an advanced stage, with a poorer overall prognosis compared to that of NMGC. However, the prognosis of MGC according to disease stage was similar to that of NMGC. Therefore, the MGC histological subtype was not found to be an independent prognostic factor of gastric cancer. Further investigation on the origin and progression of MGC is required to advance this field.
